Two types of ternary Pt-TiO 2 /MWNT were synthesized by Sonochemical/HydrationDehydration methods which include photoplatinazation and supporting with MWNTs. The synthesized materials (Pt-TiO 2 )/MWNT and Pt-(TiO 2 /MWNT) were characterized by X-ray diffraction, Raman spectroscopy, UV-Vis diffuse reflectance spectroscopy, scanning electron microscopy and transmission electron microscopy. The activity of (0.65 g/L) MWNT/TiO 2 /Ptwere estimated by H 2 production from (7.5 vol %) aqueous methanol solution. The results showed that platinizationof TiO 2 than create hybrid with MWNTs was more efficient in hydrogen production than platinazationofMWNT/ TiO 2 .The preparation method, homogenous distribution and localized of MWNTs with Pt onto TiO 2 shows sensitively influence in the achieving the best efficient charge separation and transfer in exist the platinum under UV-light (< 420 nm) irradiation.
produces maximum value for active sites. The ternary composites represent the ideal case for produce many active sites such Pt-TiO 2 /CNTs. TiO 2 is semiconductors with three phases, Rutile, Anatase and Brookite. The first two phases of TiO 2 are both in a tetragonal structure and the last type in an orthorhombic [Nadtochenko et al., 2006] .Carbon nanotubes CNTs is graphite or graphene sheets rolling from side to side to forming a tubular structure with specific properties such chiral, armchair and zig-zag with nanometer in diameter [Falah et al., 2018] . Carbon nanotubes can be classified two single-walled SWNTs, double walled DWNTs, few walled FWNTs and multi-walled carbon nanotubes MWNTs [Falah et al., 2018] . Pt as noble metals with specific physical and chemical behavior which encourage widely used activation and enhance the activities of semiconductors [Shaoet al., 2010; Stefano et al., 2012] . The ternary composites Pt-TiO 2 /CNTs were used in many applications such Sensors [Stefano et al., 2012] hydrogen production [Firas et al., 2016] converted agent for CO to CO 2 [Lin et al., 2009 ] degradation of many pollutants [Shih et al., 2017] . The method of synthesized ternary composite technically influences with of preparations methods and the sequence of adding the three materials which rarely studied. This studies concern with the sequences effect for the out-sito addition of Pt and MWNTs in activates of TiO 2 towards hydrogen production. TiO 2 did not show any activities towards the hydrogen production in alcohol/water solution while existing of CNTs or Pt showed abilities to evolve the H 2 gas [Firas et al., 2016] .The results from many literature had shown that exits CNTswith TiO 2 increasethe surface area of TiO 2 . The contact between the surface of the TiO 2 particle and CNTs or Pt became one of the most important reasoned to accrue the reaction and increase the rate of reaction. The presence of the CNTs or Pt prevents for the recombination the photoexcited electron [Valentin, 2004] . The effect of Pt with TiO 2 in the reaction of hydrogen production [Ren et al., 2007] was shown more effective than two types of CNTs, which is less activates as compare with Pt-TiO 2 /MWNT. The greater synergic effect of Pt -TiO 2 / MWNT can be related to the better charge transfer between TiO 2 and Pt and best distribution for three materials [Yang et al., 2012] . In this studies, two types of PtTiO 2 /MWNTs were synthesized with changing the sequence of addition which characterized by UV-vis reflectance, X-ray diffraction, Raman spectroscopy, TEM images and BET. Activates were tested by using the hydrogen production reaction form 7.5% of methanol aqueous solution.
2-Experimental 2.1 Materials
Multi-walled carbon nanotubes MWNTs, were purchased from Aldrich, which fabricated by chemical vapor deposition method. Thepurities of MWNTs 95% and mode diameter 5.5nm. The TiO 2 sample was purchased from Degussa, Germany (TiO 2 -P25) consist of 20% Rutial and 80% Anatase. The source of Pt was hexachloro platonic (ΙѴ) acid hexa hydrate (H 2 PtCl 6 .6H 2 O) where purchased from Riedel-DeHaen AG, Seelze, Hannover, Germany. Methanol(A.R quality, 99.9%) was supplied from Hayman, England. The work was done in Institute of Technical Chemistry, Leibniz Universität Hannover\Germany. 2.2Preparation of Binary and ternary composite TiO 2 /MWNT were prepared by a simple evaporation methodbased on our previous works [Firas et al., 2016a] . Firstly,100mg of MWNTs was treated with 60 ml of mixture HNO 3 /H 2 SO 4 (1/3) with the assist of ultra-sonic water bath for 7h [Dirk et al., 2010] then washing and drying at 100ᵒC. The required amount of activated MWNTs was dispersed in 200 ml of distilled water by using ultra-sonic system for 20 min then adding the equivalent amount of TiO 2 powder which produces TiO 2 /0.5%MWNT. The suspension was filtered by vacuum evaporator (Rota vapor re121 BUSHI 461 water Bath) at 45 °C, then dried overnight in an oven at 100 °C. TiO 2 was platinized, by photo-depositionmethodwhenmixture of 37% formaldehyde: absolute ethanol (4:1) was added to the aqueous suspension of TiO 2 and an equivalent amount of (H 2 PtCl 6 .6H 2 O) [ Falah et al., 2016] . The deposition was accrued with UV light irradiated for 3hour at 40ᵒC, using a 200-W mercury lampto produce 0.5%Pt-TiO 2 . Two types of ternary composites were prepared: the first (0.5%Pt-TiO 2 )/0.5%MWNT, while the second 0.5%Pt-(TiO 2 /0.5%MWNT). The first ternary composite (0.5%Pt-TiO 2 )/0.5%MWNT was prepared by platinized the TiO 2 then loaded with MWNTs under the same conditions of preparation. The second composite 0.5%Pt-(TiO 2 /0.5%MWNT) was prepared by loaded MWNTs than platinized process.
2.2.Hydrogen production
The activity of the composites was evaluated by H 2 production from 70 ml of an aqueous methanol solution (7.5 vol %) with (0.65 g/L) of catalyst which was stirred in a Pyrex-glass reactor (ca. 110 ml volume) equipped with a quartz disc for light penetration. Before to irradiation, Argon gas was purged through the suspension for 30 min. A solar simulator equipped with (SUX 1450) Xenonlampenversorg UNG, Muller, was used as a light source. To avoid thermal effects, the reactor was cooled to room temperature with a cooler system Land Nds. Uni Han. During irradiation, the headspace gas (40 ml) of the reactor was intermittently sampled (0.5 μL) and analyzed for H 2 using a gas chromatograph (Shimadzu GC -8A) equipped with a thermal conductivity detector and a carboxen 1000 packed column. 2.3 Characterization UV-Vis diffuse reflectance spectra were recorded over the range of 200-800nm in the absorption mode using a CARY 100 Bio UV-vis spectrophotometer which calibrated with BaSO 4 . Kubelka-Munk function [Kauffman & Star, 2008] were depend to calculate the band gap energy ( E g ) from diffuse reflectance data. The E g value was determined using the theory of optical absorption for allowed direct transitions: {hv= A (hv− E g ) 1/2 }where A is the absorption coefficient which relative to the material, (hv) is the discrete photon energy. The linear portion of extrapolating (FR × hν) 1/2 vs. hν curves to FR = 0 refer to the E g as reported in Fig. 2 . The important consideration for TiO 2 was absorbance occurred at 380 nm, while MWNTs observed broad peaks between 450-1000 nm [Firas, 2016b,c] . In the same time the combined effect of both carbon nanotubes and Pt in the band gap value of TiO 2 will increased [Luma et al., 2014] . Surface area estimation of the TiO 2 has been performed by the Brunauer-Emmett-Teller method, performed on a Micrometrics Automate 23 apparatus. The samples have been previously heated to 125 °C for 30 min to remove possible contaminants and humidity adsorbed on their surfaces. The measurements have been performed using a gas mixture containing 30 % nitrogen and 70 % helium as shown in table 1. Table 2 . Summaries for activities of binary and ternary composites towards hydrogen productions.
The binary and ternary composites were characterized by X-ray diffraction (XRD) on a (RigakuRotalflex) (RU-200B) X-ray diffractometer using Cu Kα radiation at 0.15405 nm) with a Ni filter. The tube current was 100 mA with voltage 40 kV. The 2θ angular regions between 15 and 65° were explored at a scan rate of 5°/min. For all XRD tests, the resolution of the 2θ scans was kept at 0.02°. Fig. 3 shows the XRD patterns of the crystallographic structures of the binary and ternary composites. The influence was limited to the small change in the width of peaks with the shift towards higher 2θ. The 0.5%Pt-TiO 2 , there is only TiO 2 in the anatase form and rutile while no peaks of Pt at 2θ = 40 and 48• can be notes, maybe can be attributed for low ratios of Pt which used or the homogenous dispersion for Pt on TiO2 [Stefano et al., 2012] . Debye-Scherrer equation (d = K λ / β cosθ) [Luma et al., 2014] were depended to determine the average crystallite size (d) which estimation by line broadening measurements. When λ refers to X-ray wavelength which equals to 0.15405 nm, β is the peak width at half maximum height resulting in radians and K mostly equal to 0.9 which related to crystallite shape. The peaks at 25.3° and 27.4° are the characteristic reflection for anatase and rutile, respectively for TiO 2 , which did not change in the binary and ternary composite [Stefano et al., 2012] . From Fig. 4 , for MWNTs appears two characteristic peaks 2θ=25.9ᵒ and 43.2ᵒ, from C(100) and C(002) planes of the carbon nanotubes, [Fias et al., 2016a,b] .The two peaks for MWNTs disappears in binary and ternary composites because the overlapped for these peaks with the anatase peak of TiO 2 at 25.2ᵒ and 43.9∘ [Firas et al., 2016b] . The results show that TiO 2 crystallite size of the binary compound did not significantly affect by Pt [Shao et al., 2010] while with MWNTs there is reduces in size. The ternary composite shows the two properties in crystallite size of Pt and MWNTs with TiO 2 . The two types of ternary composites appear variance in particle size which represent less broadening of the XRD peaks found for 0.5%Pt-(TiO 2 /0.5%MWNT) compared to (0.5%Pt-TiO 2 )/0.5%MWNT. These phenomena make the particle size for pristine and modified TiO2 arranged as the following:Pt-(TiO 2 /MWNT)>P25 ≈ P25/Pt ˃ (Pt- Raman spectroscopy for pure TiO 2 was plotted in Fig. 5 , characteristic bands for two phases' anatase and rutile. Anatase modes appears at 150 cm-1 (Eg), 395.1 cm -1 (B1g ), 512.5 cm -1 (A1g + B1g ) and 636.7 cm -1 (Eg ) respectively [Hashimoto et al., 2005 &Firas et al. 2016a . rutile phase appears at 143, 235 cm-1 which can be ascribed to the B1g, two-phonon scattering, 445 cm -1 Eg, and 612 cm -1 A 1 g, respectively [Zhenhai et al., 2013] .The Raman spectra for both binary and ternary composite with MWNTs showed a G band at 1582 cm -1 corresponding to the wrapped graphene plane and a D band at 1330 cm-1 for the C-related defects of MWNTs [Falah et al.,2018] . In the case of TiO 2 /0.5%MWNT composites, all the Raman bands for anatase and MWNTs remain, except slightly broadened. Table 1 and Fig. 5 shows the peak broadening which is consistent with their decease in the average crystallite size. From the Fig.5 , it is seen that Raman spectroscopy for 0.5%Pt-TiO 2 , the spectrum shows distortion for TiO 2 between 100-700 cm -1 which refer to precipitation Pt on the surfaces of The SEM images in Fig.6(a,b) shows the surface from a TiO 2 agglomerate. The marked area is shown in the micrograph to the right at higher magnification, a single carbon fillement is visible. The Fig.6c shows the TiO 2 particle surface, which were decorated by a lot of small particles (Platinum) with a single carbon nanotube is visible. The interesting imager which shown in Fig. 6d when seen that particles of Pt in the surface of CNTs , and that may reffer to the to increasd the activity of ternary composite as compaer with Pt-TiO 2 . 
3-Results
The activities of synthesized binary and ternary composites were tested in hydrogen production from 7.5 vol % aqueous methanol solution. The catalysts include binary TiO 2 composites which platinized with 0.5% of Pt or loaded with MWNTs. The last two binary composites were used as control groups against ternary composites. The ternary composites which the aims of this work include two composites with the same ratios and continent but different from each other in the strategy of preparation. The first ternary composite was prepared from platinization of TiO 2 than loaded with MWNTs which is (Pt-TiO 2 )/MWNT. The second ternary composite Pt-(TiO 2 /MWNT) was loaded with MWNTs than platinized. The brackets refer to the first process of preparations and slash refer to support or impregnated surfaces MWNTs while (-) refer to impregnation Pt onto TiO 2 . The results were plotted in Fig.7 and listed in table 1 which shows that pristine TiO 2 without platinization or loading with MWNTs do not show any activity to produce hydrogen under dark or illumination conditions. The results show that effect of Pt towards hydrogen production was larger than MWNTs in binary composites. Table 2, shows that ternary composite (Pt-TiO 2 )/MWNT was succeeded to increase the hydrogen production more than Pt-TiO 2 while Pt-(TiO 2 /MWNT) was failed. The evaluations for the results of hydrogen production in two types of ternary composites compare with binary composites, can estimated synergy factor (R). The increase and reduce were calculated by apparent rate constant for Pt-TiO 2 /MWNT with Pt-TiO 2 {R = k app Pt-TiO 2 /MWNT/ k app Pt-TiO 2 }. The R represent the best calculus to valuation Fig. 8 refer to the behaviors of ternary composites when accumulations for effect of Pt and MWNTs reduce the surface area SBET for (Pt-TiO 2 )/MWNT and increase SBET with Pt-(TiO 2 /MWNT). The process of platinization was added many active sites to produce many agglomerations that covered most of the active sites causing reduce the activity. Loading MWNTs within ultra-sonic water bath at least reduce the agglomerations which encourage to shows more active site. All of this change in morphology can be seen in Fig9. When TEM images show redistribution for Pt onto MWNTs and TiO 2 surface under the effect of ultra-sonic [Jimmyet al., 2002] .The ternary composite as mentions before shows variance on activities for evaluating hydrogen gas, which appears as a result of appearing or disappears the active site which responsible for activities.
Mechanism of the reaction
The mechanism depends on transfer of the electrons from TiO 2 to MWNTs as mentions in many works of literature [Rowan & Aidan, 2009] and represents in Fig.9A . When TiO 2 was attached to the surface of MWNTs, the active site of the binary matrix within existing of UV lights, mostly stimulates the transfer of excited electrons from the surface of TiO 2 to the network of MWNTs [Baoet al., 2012] which become a source to convert H + to H 2 . The effect of Pt was more activities for withdrawn the excited electron as compare with MWNTs as represented in Fig.9B . The mechanism depends on transfer of the electrons from TiO 2 to MWNTs as mentions in many works of literature [Rowan & Aidan, 2009] . When TiO 2 was attached to the surface of MWNTs, the active site of the binary matrix removed the exited electrons which forming H 2 gas. In the cases of Pt-TiO 2 /MWNT, under the irradiation the electrons were excited to the conduction band CB from valence band VB of TiO 2 . The Pt-TiO 2 /MWNT, raises two routes for electrons to transfer, the first is from the conduction band of TiO 2 to Pt, and the second is to transfer the electrons to MWNTs. The second routs appear two probabilities, one of them include indirect ways for transfer the electron to Pt which adsorbed on the surfaces of MWNTs. The ether which represents direct ways from the surfaces of MWNTs to H + and all of this state causing evaluate the hydrogen gas as shown in Fig. 10 . The efficiency of PtTiO 2 /MWNT may relate to the Pt particles on TiO 2 aggregates were isolated the electrons transport which limited in activity by the insufficient local electronic conductivity of TiO 2 [Lin et al., 2009] .The UV lights, mostly stimulates transfer of excited electrons from the surface of TiO 2 to the network of MWNTs [Baoet al., 2012] which become a source to convert H + to H 2 as shown in Fig.10 . 
Conclusion
The binary and ternary composite was successfully synthesized by using simple evaporations methods and platinazation to forming Pt-TiO 2 , TiO 2 /MWNT and PtTiO 2 /MWNT. The ability of Pt to evaluate hydrogen in binary composite was more active than MWNTs although, reduce the activities of Pt-(TiO 2 /MWNT) when platinazation were done after loading with MWNTs.Ternary composite Pt-(PtTiO 2 )/MWNT showed the best abilities to increase the activities due todouble effectof MWNTs when reduces the agglomeration, and make with Pt as a bridge to move the electrons from TiO 2 freely. Thus chose the best ways for preparations toachieve the ideal transfer of electron can produce the best activities for hydrogen production.
